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AB The wafers are manufd. by mixing Ga with Si raw materials and pulling up 
Si single crystals under conditions where whole 

surfaces of crystals in the diam. direction are N-regions, V-rich regions, 
or their mixed regions. The wafers are useful for solar 
cells. The obtained wafers show no formation of oxidn . -induced 
stacking faults and dislocation clusters. 
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AB The wafers are manufd. by mixing Ga with Si raw materials and pulling up 
Si single crystals under conditions where whole 

surfaces of crystals in the diam. direction are N-regions, V-rich regions, 
or their mixed regions. The wafers are useful for solar 
cells. The obtained wafers show no formation of oxidn. -induced 
stacking faults and dislocation clusters. 
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AB The title Si crystal is doped with Ga and P. A single 
crystal is manufd. by Czochralski method from a Si melt 

added with Ga and P. Alternatively, a polycrystal is manufd. by Bridgman 
method from the melt. Also claimed is a wafer obtained by slicing the 
crystal. The wafer, esp. suitable for solar cells, is 
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AB The title Si crystal is doped with Ga and B. A single 
crystal is manufd. by Czochralski method from a Si melt 

added with Ga and B. Alternatively, a polycrystal is manufd. by Bridgman 
method from the melt. Also claimed is a wafer obtained by slicing the 
crystal. The wafer, esp. suitable for solar cells, is 
manufd. at low cost and has high conversion efficiency. 
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AB The solar cell has B and Ga dopants in a 

single crystal Si substrate. The solar 

cell is manufd. by drawing a single crystal B 

doped Si by the Czochralski method, prepg. a substrate from the 
single crystal, and diffusing Ga in the substrate. 
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AB A Ga-doped Si single crystal is manufd. by 

Czochralski method, wherein Al of amt . less than that of Ga is 
also added during the crystal growth. The manufd. Ga-doped Si 
single crystal is claimed. The Ga concn. may be (3 
.times. 1015) -(5 .times. 1017) atoms/cm3. A solar cell 
employing the Si single crystal is also claimed. The 

crystal inhibits generation of heavy metal -derived OSF (oxidn . -induced 
stacking fault) , so that the solar cell provides high 
and durable photoelec . conversion efficiency. 
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AB Ga-doped Si single crystal is manufd. from Si raw 

material contained in a crucible with 2-2.5 times diam. of the diam. of 

the manufg. single crystal. Thus manufd. crystal is 

also claimed. Ga-doped Si single crystals showing 

high energy efficiency when used in solar cells are 

manufd. at high pulling rate at low cost. 
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AB This paper reports high-efficiency PERT (passivated emitter, rear 
totally-diffused) solar cells fabricated on a variety 
of single cryst. silicon substrates. The best cell 
efficiencies achieved are 21.9, 24.5, and 24.0% for Ga-doped 
Czochralski Si, B-doped magnetically confined Czochralski 
Si, and B-doped float -zone Si substrates, resp. The performance of all 
these cells is stable after illumination under 1-sun level. This is a 
result of avoiding using both high levels of boron and oxygen in the same 
material as occurs in B-doped Czochralski silicon solar 
cells, where large performance degrdn. is commonly obsd. 
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AB A Si single crystal which is produced by 

Czochralski method and added with Ga as a dopant 

as having a resistivity of 5 . OMEGA. . bul . cm to 0. 

manufd. from the Si single crystal; and a method for 

producing a Si single crystal doped with Ga by 

Czochralski method are characterized in that the method comprises 
adding Ga to a Si melt in a crucible and then bringing the Si melt 
contact with a seed crystal, and pulling up the seed crystal while 
rotating it, to thereby prep, a Si single crystal rod. 
The Si single crystal, although it has a high 0 concn. 
like a conventional Si single crystal by CZ method, 
can be used for manufg. a solar cell which is free 

from the deterioration caused by light and exhibits very high efficiency 
for the conversion of light energy. 
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AB Observations on deep levels introduced in silicon by 1 MeV electron 
irradn. are reported using boron- or gal lium- doped 
Czochralski (CZ) grown Si space solar cells 

with different doping concns . , deep level transient spectroscopy anal, has 

been carried out to detect the radiation- induced deep levels. Present 

results provide evidence for new defect states in addn. to those 

previously reported in gallium- and boron-doped Si. The 

combined boron and gallium data provide enough information to 

gain valuable insight into the role of the dopants on radiation induced 

defects in Si. The dominant donor-like electron level at EC-0.18 eV in 

boron-doped Si has not been obsd. in gallium-doped CZ-grown Si. 

A noticeable suppressing generation of the radiation-induced defects in 

gallium-doped Si is also obsd., esp. hole level EV+0.36 eV, which 

is thought to acts as a recombination center. 
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AB A simple, vertical -dipping, liq. -phase epitaxy (LPE) method for growth of 
Si layers from Cu/Si soln. at temps, less than 95 0. degree, has been shown 
to be a promising technique for thin cryst. Si photovoltaic (PV) 
applications. Solar cells with more than 15% AMI 

efficiency were fabricated on 5 - . mu . m-thick layers grown from Cu/Si soln. 
on (111) Czochralski (CZ) substrates. To extend the application 
of this technique to low-cost substrates, we grew thin (5-40 .mu.m) Si 
layers on cast multicryst. metallurgical -grade (MG) substrates from Cu/Si 
soln. as well as from Al/Si, Al/Cu/Si, Bi/Si, Ga/Cu/Si, and Sn/Si solns . 
The conditions of growth, morphol . , solvent incorporation characteristics 
and problems that arise with the use of multicryst. Si substrates are 
discussed. A diagnostic solar cell with efficiency 

equal to 0.42 and open-circuit voltage equal to 0.89 of the values for a 
single crystal control cell was obtained, without any 
light -trapping scheme, on a 15- .mu.m- thick layer grown on a MG Si 
substrate . 
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AB A review with 157 irefs. The established technologies of Si, CdS/Cu2S, and 
GaAs cells are examd. in terms of manufg. processes, advantages, 
disadvantages, efficiencies, applications, and further reading. Several 
emerging technologies are then treated including the heat -exchange method, 
the edge -defined film- fed growth ribbon process, the dendritic web growth 
process, advanced Czochralski processes, alternative methods of 
fabricating cells from single-crystal Si such as ion 

implantation and metal -insulator- semiconductor junctions, polycryst. Si 
cells, amorphous Si cells, CdS/CuInSe2 cells, GaAs cells, and 
photoelectrochem. cells. Advanced concepts, such as multi junction cells, 
emerging semiconductor materials, and org. cells are treated. 
Concentrator systems and cells designed specifically for high light levels 
are analyzed and assessed as to com. viability. 
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CAPLUS COPYRIGHT 2 003 ACS on STN 
A method is described for cheaply growing single -crystal 
sheets with duplicate surface textures from polycryst. or amorphous Ge, 
Si, and GaAs for solar cells and CdTe and (Hg,Cd)Te 
for IR detectors. A single-crystal wafer is 1st 

texture etched to a depth of 0.5-10 .mu., a stratum of a release compn. 
(Al, Ni, Mo, W, C, Ti, and their alloys and compds . ) is deposited by vapor 
deposition to a depth of 0.1-10 .mu., a metal or glass support is attached 
to the release stratum to provide mech. strength, the release stratum is 
sepd. from the wafer by raising the temp, and inverted to form a replica 
master, a replica stratum of amorphous or polycryst. structure is 
deposited on the replica master to a depth of .apprx.l .mu. , the replica 
stratum is grown into a single-crystal layer by pulsed 

irradn. (laser or electron beam) in a master scan, and the crystal layer 
is sepd. for use. The replica master can be reused or used to produce 
other replica masters. Thus, a Czochralski -grown Si (100) wafer 
was etched with KOH to a depth of 2 .mu., an . apprx . 10 - . mu . thick Al 
release stratum was deposited by evapn., a support of 1/8-in. thick 
borosilicate glass was electrostatically bonded to the Al, the temp, was 
raised to 250 . degree. F to release the Al, amorphous Si was deposited on 
the Al by chem. vapor deposition, the amorphous Si was irradiated with a 
12-keV pulsed electron beam and transformed to a single 
crystal, several other layers of amorphous Si were deposited and 
irradiated until a single crystal 10-30 .mu. thick was 
formed, and the new Si wafer was sepd. and formed into a p-n junction 
solar cell by ion implantation. 
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AN 2000:6612530 INSPEC DN A2 000 - 14 -7155 - 008 ; B2000-07 -252 OC-023 

AB Observations on deep levels introduced in silicon by 1 MeV 

electron irradiation are reported using boron- or gallium-doped 

Czochralski (CZ) grown Si space solar cells 

with different doping concentrations, deep level transient spectroscopy 

analysis has been carried out to detect the radiation- induced deep levels. 

Present results provide evidence for new defect states in addition to 

those previously reported in gallium- and boron-doped Si. The 

combined boron and gallium data provide enough information to 

gain valuable insight into the role of the dopants on radiation induced 

defects in Si. The dominant donor-like electron level at EC-0.18 eV in 

boron-doped Si has not been observed in gallium-doped CZ -grown 

Si. A noticeable suppressing generation of the radiation- induced defects 

in gallium-doped Si is also observed, especially hole level 

EV+0.3 6 eV, which is thought to acts as a recombination center. 
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AB The tolerance to various fluence levels of 1-MeV electrons of 
solar cells fabricated from Ga- and B-doped multipass FZ 

(float-zone) Si, and Ga- and B-doped crucible-grown (CZ) Si was compared. 
The FZ materials used for the study were of ultrahigh purity with low 
levels of 0 and C. Bulk anal, of Ga-doped CZ Si is included and compared 
with Ga-doped FZ Si. Bulk anal, of selected wafers in the various 
crystals was performed by low-temp. Fourier-transform IR and 
surface photovoltage . Measurement of air-mass-0 elec. characteristics and 
spectral response of solar cells fabricated from these 

Si materials before and after 1-MeV electron irradn. are used to compare 
radiation tolerance of the materials. 
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